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INTRODUCTION
Dairy products made from locally produced raw 
milk are still а very important part of daily diet. 
The characteristics of these products are different 
from one to another region depending on the local 
indigenous microﬂ  ora, which in turns reﬂ  ects the 
climate conditions of the area. 
Macedonian white cheese is a brined cheese 
variety with a soft or semihard texture. The main 
ﬂ  avor characteristic is the salty acid taste. The cheese 
is rindless, white coloured and close textured. It is 
generally made from cow’s milk, ewe’s milk and less 
from goat milk, prepared in cubes and ripened for 3 
months. Traditionally, this type of cheese have been 
manufactured by local farmers on a small scale for 
decades using raw milk and traditional techniques 
passed down from generation to generation using 
only basic equipment. Commercial starter cultures 
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are not used in the production and instead, the 
cheese maker relies on the lactic acid bacteria 
(LAB) naturally present in the raw unpasteurized 
milk as adventitious contaminants. 
Cheese is chemically, microbiologically and 
enzymatically a complex and dynamic system. 
This makes the process of cheese ripening highly 
complex. One of the characteristics of white-brined 
cheeses is their high salt content, and this probably 
accords with the fact that they are traditionally 
manufactured in countries with hot climates. it is 
important to note that the composition of different 
white brined cheeses varies within a broad interval 
due to the differences in the composition of raw 
milk, processing parameters and ripening conditions 
(22).
Bacterial biodiversity arising from the raw milk 
and environmental contamination (from farm and 
production practices) constitute the principal source 
of the microorganisms which are necessary for the 
development of the typical features (taste, ﬂ  avor, 
consistency). The microbial diversity originating 
from environmental exposure during cheese 
manufacture and maturation and the initial natural 14
diversity of the microbiota present in the raw milk 
all play a role in fermentation processes and are 
important in the ﬁ   nal development of traditional 
dairy products (1).
Microbiological quality of white-brined cheeses 
can be inﬂ  uenced by numerous factors, including 
the quality of the milk, the use of pasteurization or 
thermization, various technological parameters and 
the level and type(s) of microbial contamination that 
occur throughout the manufacture and storage of the 
cheese. White-brined cheeses are matured for long 
periods in brine, and thus the dominant microﬂ  ora 
make a signiﬁ  cant contribution to the maturation 
process and, to a degree, regulate the quality of the 
ﬁ  nal product (2).
When cheese is produced following traditional 
procedures from raw milk, the environmental 
microﬂ  ora plays a fundamental role in fermentation 
and is one of the most important parameters affecting 
the cheese quality. In addition, the biodiversity 
of bacteria involved in cheese production can 
be considered a fundamental factor for the 
maintenance of the typical features of traditional 
cheese products. Recent investigations have shown 
that the indigenous microﬂ  ora of raw milk inﬂ  uence 
the biochemical characteristics and ﬂ  avor of cheeses 
(3).
No information is available on this cheese 
microﬂ  ora and its evolution during ripening. The 
objective of this study was to obtain the initial insight 
into the biodiversity of the microbial community 
associated with this cheese during the ripening. The 
main purpose was to investigate the dynamics of the 
microﬂ  ora and to characterize the dominant groups 
of LAB during the maturation process and pathogen 
bacteria as a main risk factor in making cheese in a 
traditional way. 
MATERIAL AND METHODS
Collection of samples and sample preparation 
Five samples of white brined ewe’s milk cheese 
in the beginning of the ripening (second week) 
and ﬁ  ve samples in the end of the ripening (after 3 
months) made by traditional method were collected 
aseptically from local producers from ﬁ  ve different 
regions of the country. Samples were brought to the 
laboratory under refrigerated conditions (4-6°C), 
and analyzed within 24h. 
Microbial population counting and chemical 
analyses
All of the analysed parameters according to the 
tested matrix and reference methods (12-19) used 
are given in Table 1.
Table 1. Overview of the parameters and  methods used in the study
Lactobacilli were grown on Rogosa agar (RA, 
Sigma Aldrich) after 5 days at 30°C incubated 
anaerobically (Gas-Pack anaerobic system, 
Biomerieux, France). Gram positive, catalase 
negative cocci on M17 agar, after incubation at 
No. Parameter Matrix Reference  method
1. Enterobacteriaceae Cheese ISO 21528-2:2004
2. Listeria monocytogenes Cheese ISO 11290-1:1996
3. Escherichia coli  Cheese ISO 16649-3:2005
4. Staphylococcus aureus Cheese ISO 6888-1:1999
5. Yeasts and moulds Cheese ISO 21527-2
7. pH Cheese pH meter Sartorius
8. Protein content Cheese ISO 8968:1 2001
9. Fat content Cheese ISO 16266:2006
10. Moisture content Cheese Mitrovic, 1954
11. Sodium chloride content Cheese Titrimetric method
30°C for 48h. Cycloheximide was added (100 mg-1) 
to prevent the growth of yeasts in M17 agar (Sigma 
Aldrich). Enterococci were grown on kanamycin 
esculine azide agar (KAA, Fluka) at 37°C 24h. 
Presumptive leuconostoc on De Man, Rogosa, 
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Sharpe (MRS agar, Sigma Aldrich) with 30 μg/ml -1 
vancomycin. 
After the incubation period, the plates containing 
between 10 and 300 colonies were selected for 
enumeration. The number of colonies grown on each 
medium was expressed as log cfu/g-1. The cells from 
Rogosa and M17 agar were Gram-stained and the 
catalase activity was determined. All determinations 
were conducted two times.
RESULTS AND DISCUSSION
In our research ten cheese samples from ﬁ  ve 
different regions have been analyzed. Five were 
tested at the second week of the ripening (day 10) 
and ﬁ  ve in the end of ripening after three months 
(day 90). The changes of different microbial groups 
investigated during the maturation period are shown 
in the Fig. 1 and Fig. 2.
The chemical composition of all of the cheeses 
was generally within the range typical for white 
brined cheese. Macedonian white brined cheese 
may be characterized as a soft (50 - 60 %) moisture, 
high fat cheese (25-30%), protein (12–21%) high 
salt (3–5%) content and the ﬁ  nal pH range of 4.20 
– 5.05. Decreases in total solid content of brined 
cheeses throughout ripening generally originate 
from water soluble proteins and peptides passed 
from cheese matrix to brine. Increase in salt content 
during ripening could be attributed to the higher 
water content because salt penetrates the cheese 
matrix in water (6).
The parameters for proteins, moisture content 
and pH are similar with the parameters determined 
in Teleme cheese and Feta cheese (20, 21). The salt 
content of our brined cheese appears to be same as 
it was found in Feta cheese 3.5-5.0 (21). pH values 
in the end of the ripening were found to be from 
4.04 - 5.05. Tayar (23) stated that, in white cheeses 
produced in three different plants with traditional 
methods pH was found to be between 4.38-5.94. 
The fat content, the pH, moisture and the salt 
content were found to be the same as in Sjenicki 
cheese. The protein content had slightly lower levels 
than it was in found in our study (24). According to 
the obtained chemical results we can conclude that 
Macedonian white brined cheese does not greatly 
differ from the brined cheeses in the region.
In the beginning of the ripening high level of 
contamination with Enterobacteriaceae from 7.24 
Table 2. Chemical composition of Macedonian white brined cheese 
sample day pH Moisture % Protein% Fat% NaCl%
A 10
90
6.69
5.05
62.01
50.00
12.43
18.21
25.00
30.00
4.09
4.60
B1 0
90
6.38
4.04
59.03
51.58
12.41
19.02
26.50
28.00
3.51
5.43
C1 0
90
6.20
4.45
55.96
47.83
14.00
20.01
26.00
27.50
3.15
4.38
D1 0
90
6.23
4.20
56.10
46.97
14.40
21.37
26.00
28.00
4.09
5.20
E1 0
90
6.40
4.25
55.24
47.52
14.45
21.50
25.50
27.00
4.00
5.10
log cfu/g and E. coli 8.69 log cfu/g occurred because 
of the use of raw milk and artisanal rennet as well 
as high moisture and low salt content. All above 
factors mentioned could promote the growth of these 
bacteria. Furthermore during the maturation process 
the number of Enterobacteriaceae was reduced to 
3.07 and 1.77 log cfu/g and in some cheese samples 
they were not present at all. E. coli was not detected 
in the mature cheese. Similar results were obtained 
in Feta cheese where number of E. coli at day 4 
reached 5.3 log cfu/g, after signiﬁ  cantly declined 
and in the end of ripening were not detected. 
Coagulase positive staphylococci were present at 
day 10 in some cheese samples within the range 
from 2.0 – 4.77 log cfu/g but at day 90 they were 
not detected in none of the samples (11). In addition, 
even though staphylococci tolerate salt, their growth 
is not favored by the cheese environment, because 
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of the combined inhibitory effect of the pH and 
NaCl concentration (5). Listeria was not detected in 
the cheese samples. 
Yeasts and moulds counts, which are 
environmental contamination indicators were 
within the interval from 3.64 – 4.99 log cfu/g at day 
10 and moulds were detected only in one sample. 
In the mature cheese at day 90 the population of 
yeasts have increased and was between 4.30 – 7.00 
log cfu/g. Yeast counts in this artisanal cheeses 
were higher than those reported by other authors 
who have studied the microbiology of artisanal 
cheeses made from raw milk without addition of 
starter cultures (11). The high number of yeasts 
found in this study may account for the typical 
organoleptic characteristics of our traditional cheese 
since recent investigations have shown that some 
lipolytic and proteolytic enzymes produced by those 
microorganisms contribute to the development of 
aroma and ﬂ  avor compounds (4). At day 90 moulds 
were found in three samples and could be probably 
due to contamination.
Lactic acid bacteria (LAB) constituted the 
predominant bacterial group during the ripening 
process with a population higher than 7 log cfu/g. 
Among LAB, lactococci were found at day 10 
in higher numbers (5.44 – 7.94 log cfu/g) when 
compared with leuconostoc (4.11 – 6.58 log cfu/g) 
and lactobacilli from 5.17 in sample A to 6.9 log 
cfu/g in sample B (Fig. 2). These results indicate 
that lactococci constitute the predominant bacterial 
group in the beginning of the ripening period. At 
the end of the ripening lactobacilli were the most 
common group and their number was within the 
range 5.35 – 7.43 log cfu/g. The decline in lactococci 
is probably due to the inhibitory action of the low 
pH and high salt in moisture values in the maturing 
cheese (7). The presumptive leuconostoc at day 10 
was found within the range from 4.11 – 6.50 log 
cfu/g. The obtained results are slightly higher than 
the one reported by Manolopoulou (11). At the end 
Figure 1. Log counts of microbial groups during cheese ripening
of the ripening process at day 90, leuconostoc was 
detected in only one cheese sample. These groups of 
microorganisms may inﬂ  uence the ripening process 
through the production of lactic acid, the decrease 
in the oxidation – reduction potential and their 
proteolytic and lipolytic activities (10).
Enterococci were found also in high numbers 
at day 10 (from log 2.6 – 6.03 cfu/g). This results 
were similar with the results obtained in the Turkish 
white cheese (9) where the mean log was 5.34 cfu/g. 
At day 90 they rapidly decreased in two cheese 
samples to 2.69 log cfu/g in cheese B, and to 1.9 log 
cfu/g in cheese E. In cheese A, C and D enterococci 
were not detected. The presence of a high number of 
enterococci could be due to poor hygienic practices 
during the manufacturing process and the resistance 
of enteroccoci to unfavorable conditions (8). 
Enterococci may inﬂ  uence the ripening process due 
to their caseinolytic and lypolitic activity.
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From the obtained microbiological results, 
Macedonian artisanal cheese could be considered as 
safe from a hygienic point of view and would be 
categorized as acceptable according to the Book of 
Rules for microbiological criteria in food (Ofﬁ  cial 
Gazette 78/2008). 
It can be concluded that this study provides a 
new approach to ripening of white brined cheese, 
which is the most consumed cheese in Macedonia.
Further knowledge of the natural microbial 
communities present in this artisanal cheese may 
help to prevent loss of microbial diversity associated 
with local and regional traditions.
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